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Reliability of psychophysical measures
of gustatory function

RICHARD D. MATTES
Monell Chemical Senses Center, Philadelphia, Pennsylvania

Test-retest reliabilities of five measures of sucrose taste perception were evaluated in 25 in
dividuals over a 29-day period. Both water and complex beverages were used as diluents. Group
mean values did not differ significantly over the study period, although they were consistently
characterized by a high level of variability. The stability of individual test-retest values differed
depending upon whether ordinal rankings or absolute values of responses were considered. The
magnitude of noted test-retest discrepancies varied across sensory measures. No training effect
or influence of the diluent was observed on group reliability estimates, although individual
responses were differentially modified by both factors. These observations suggest that the selec
tion of gustatory test measures and tastants for a particular purpose should be based, in part
upon reliability criteria. '

Taste abnormalities have been described in patients with
numerous and varied pathologies (Schiffman, 1983). Be
cause knowledge of gustatory disorders may prove use
ful in the prediction, diagnosis, and/or treatment of
selected health disorders, there is an increased interest
in clinically suitable psychophysical assessment methods
(Meiselman & Rivlin, 1986). Nevertheless, there is no
consensus on which gustatory tests are most appropriate
for a particular purpose under a given set of circum
stances. The most commonly evaluated taste attributes in
clude threshold sensitivity, suprathreshold sensitivity,
preference, and reaction time. Different procedures have
been used to evaluate each of these attributes, but the
test-retest reliabilities of even the most popular remain
largely unknown.

Findings have been mixed from studies on the reliabil
ity of individual exponents to nongustatory suprathreshold
stimuli from cross-modality matching and magnitude es
timation procedures; In some studies, significant corre
lations have been noted between exponents obtained over
varying periods of time (Ekman, Hosman, Lindman,
Ljungberg, & Akesson, 1968; Engelund & Dawson,
1974; Jones & Woskow, 1962; Logue, 1976; Luce & Mo,
1965; Mitchell & Gregson, 1971); however, this has not
been consistently observed (Teghtsoonian & Teghtsoo
nian, 1971), due possibly to the different stimuli evalu
ated (Teghtsoonian & Teghtsoonian, 1983). There is a
paucity of data on this issue in gustation, although a com
parison of findings across studies indicates that magni
tude estimation procedures yield highly variable results
(Meiselman, 1972).

Despite the fact that threshold and preference responses
are known to be highly variable among individuals (e.g.,
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Lundgren et al., 1978; Pangborn, 1959, 1970) and sen
sitive to the influence of a multitude of methodological
and idiosyncratic factors, understanding of the reliability
of these measures remains incomplete. Documented train
ing or experience effects associated with both threshold
(Pangborn, 1959) and preference (Birch & Marlin, 1982;
Harrison, 1977; Trant & Pangborn, 1983) procedures sug
gest, however, that these measures may not be highly reli
able, at least among initially naive subjects.

The literature pertaining to human reaction time (RT)
and persistence time (PT) to taste stimulation is very
limited, and no consideration of test-retest reliability was
found among the studies reviewed in which the aim was
to characterize these parameters in humans (Frank &
Korchmar, 1985; Hara, 1955; Ichioka & Hara, 1955;
Yamamoto et al., 1982; Yamamoto, Kato, Matsuo,
Kawamura, & Yoshida, 1985; Yamamoto & Kawamura,
1981, 1984) or to use these measures as tools to address
other issues (Halpern, 1986; Kuznicki & Turner, 1986).
Workers have generally noted that subjects were familia
rized with the task before actual testing was initiated, in
dicating that learning may influence performance. The ex
tent to which subjects must be trained before responses
are stable is unknown.

Until the reliability of psychophysical measures is ade
quately characterized, the interpretation of clinical (as well
as some methodological) studies, which typically evalu
ate patients (subjects) before and after some intervention,
remains open to question. Changes observed in such
studies may be attributable simply to the instability of
responses to the assessment procedure, due, for exam
ple, to experience or learning effects. In addition, the ex
tent to which individual responses are reliable and the ex
tent to which group values or functions accurately reflect
individual responses have not been definitively deter
mined. Thus, where no group effect is observed, clini
cally meaningful changes in a subset ofpatients may have
been obscured by high random variability.
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The purpose of this study was to evaluate the group and
individual test-retest reliability of three commonly used
measures of gustatory function-recognition thresholds,
perceived intensity responses, and preferred concentra
tion ratings-as well as RT and PT measurements over
1-, 7-, 28-, and 29-day periods. Since gustatory evalua
tions may be conducted for different purposes-to evalu
ate the functional status of the gustatory system itself or
to relate taste responses to another variable of interest
(e. g., dietary intake)-assessments were conducted using
both simple aqueous solutions and food systems. Food
systems may yield data that are discrepant from and more
variable than data from model solutions, but they are of
greater dietary relevance.

METHOD

Subjects
The subjects were 25 paid, healthy, normal-weight male (n=9)

and female (n= 16) adult nonsmokers, aged 24±6 years. All were
untrained in sensory evaluation. They were requestedto refrain from
eating, drinking, or chewing anything for at least I h prior to each
testing session. Evaluations were conducted throughout the normal
workday, but with few exceptions, individuals were tested on each
occasion at the same time of day.

Test Stimuli
Stimuliused for RT and PT testswere 0.8M sucrose, 0.8M NaCI,

0.08M citric acid, and 2.0M urea prepared in deionized water
(resistance: 15 Mn). All chemicals were reagent grade. Stimuli used
for the other tests consisted of graded concentrations of sucrose
in deionized distilled water, a fruit-flavored beverage, and choco
late milk prepared as serial half dilutions. For threshold determi
nations, the simple aqueous solutions and fruit beverage ranged in
concentration from 0.8M to 5 X 1O-5M. The fruit-flavored bever
age was cherry Kool-Aid(General Foods Corp., White Plains, NY),
prepared by dissolving 21 g of base in deionized distilled water in
a 2-liter volumetric flask. Chocolate milk samples were 1.46 M
to 9 x 10-5 M with respect to sucrose and were prepared by mixing
140 g of powdered skim milk and 60 g of baking cocoa powder
(Hershey Foods, Corp., Hershey, PA) in a 2-liter volumetric flask
and bringing this up to volume with deionized distilled water. The
milk samples were prepared every 3 days; the others were made
weekly. All were stored at 4 0 C until used. Suprathreshold and
preference stimuli consisted of the five highest concentrations of
each stimulus prepared for threshold testing.

Threshold Sensitivity
Recognition thresholds for the aqueous sucrose solutions were

determined via a self-pacedforced-choicestaircase procedure (Com
sweet, 1962). The subjects were presented with a single cup con
taining 10 mI of stimulusat room temperature (approximately23 0 C)
and were asked to indicate its taste quality. A correct identification
of tastant quality was followed by a second presentation of the same
concentration. If the subject correctly identified the taste again, the
next lower concentration was presented. The next higher concen
tration was offered following a single incorrect response. Seven
reversals were obtained. The first was discounted and the geomet
ric mean of the subsequent six was used as an estimate of threshold
sensitivity. Solutionsof other taste qualities (salty, sour, bitter) were
randomly intermixed with the sweet stimuli to reduce the likeli
hood that subjects would learn the nature of the task and adopt a
default response of "sweet." The subjects rinsed with deionized
water between tastant samplings.

Thresholds for the food systems were determined by randomly
presenting lO-ml portions of the 17 concentrations of each stimu
lus and instructing subjects to assign percentage ratings to perceived
sweet, sour, salty, and bitter taste notes (McBurney, 1969). The
fruit-flavored beverage was served at room temperature and the
chocolate milk at approximately 4 0 C. The subjects rinsed with
deionized water between tastant samplings. They were told that each
stimulus could contain from one to four ofthe tastes, and that per
centage ratings had to total to 100%. The lower of two consecutive
concentrations that elicited a positive sweet rating and was not fol
lowed by more than one zero rating for higher concentrations was
viewed as the sucrose threshold.

Suprathreshold Sensitivity
Perceived intensity responses were obtained by a free-modulus

magnitude estimation procedure (Bartoshuk, 1978). The subjects
were instructed to assign numbers in proportion to the intensity of
the sweet taste to lO-ml room-temperature portions of aqueous and
food stimuli. Ratings were elicited first for the aqueous stimuli,
then for the two food systems, which were offered in alternate order
to consecutive subjects. Deionized water rinses were interspersed
between tastant samples. Five concentrations were randomly
presented in duplicate. The ratings for each concentration were arith
metically averaged. Power function exponents (slope of the least
squares regression line in a log-log plot of stimulus concentration
vs. intensity rating) and subjective ranges (response to the lowest
concentration/response to the highest concentration) served as es
timates of how taste-intensity judgments varied with suprathreshold
tastant concentration.

Preferred Concentration
Preferred sucrose concentrations in the three stimuli were deter

mined via a sample modification task (Mattes & Lawless, 1985)
in which the sucrose content of unsweetened or concentrated sam
ples could be adjusted by subjects to obtain their preferred sweet
ness level. The subject was first given a 50-ml portion of the
unsweetened sample at room temperature. He/she was instructed
to taste the sample and indicate whether and in what direction its
level of sweetness needed modification. If a change was desired,
the subject added to the sample a small amount of the most con
centrated tastant prepared for the threshold determination, stirred,
and tasted the sample. This was repeated until the subject's preferred
level of sweetness was obtained. If the sample became too sweet,
the subject diluted it with more of the unsweetened sample. Then
the concentrated sample was presented and the subject diluted it
to his/her preferred sweetness level. Deionized water rinses were
interspersed between tastant samples. The three stimuli were
presented in random order.

Final sucrose levels were determined with a refractometer (Model
AD 10440, Scientific Instruments, Keene, NH). The mean sucrose
content of the concentrated and diluted samples for a given stimu
lus served as the estimate of preferred sucrose level.

Reaction and Persistence Time
RT was defined as the time between the subject's awareness of

stimulus application and his/her identification of its quality. Prior
to the initiation of testing, spots located 3 em from the tip of the
tongue and 1.5 em from each lateral margin were marked with a
drop of food coloring. Pilot studies had indicated that this proce
dure does not influence sensory responses to stimuli subsequently
applied to the site. Each subject was then asked to start and stop
a stopwatch five times, as quickly as possible. The mean time re
quired to operate the watch was subtracted from all response times.
(Although the use of a stopwatch to measure RT and PT has not
been popular recently, it is an easily used and rapid method, which
recommends it in the evaluation of sensory function in clinical set
tings and makes data on its reliability of practical interest.)



To acquaint the subject with the nature of the stimuli to be tested,
the experimenter applied each tastant (sucrose, NaCl, citric acid,
and urea) to the subject's tongue and identified it. During testing,
the subject was instructed to close his/her eyes, hold out his/her
tongue between closed lips, start a stopwatch (held in the preferred
hand) when he/she first felt the stimulus contact the tongue, and
stop the watch when he/she could first identify the stimulus. Four
practice trials were conducted.

Stimuli were delivered via disks of Whatman No. I filter paper,
7 mm in diameter, which were dipped in stimulus solutions with
forceps, blotted on a paper towel, and placed alternately on each
side of the tongue at the marked sites. Pilot studies had shown that
this procedure resulted in the loading of a uniform quantity of stimu
lus solution on the disk (i.e., 7 ± I mg). The four tastants were
presented at room temperature in a random order until two correct
identifications were obtained for each tastant on each side of the
tongue. Water blanks were introduced when the required number
of responses was obtained for a given tastant, but testing of other
tastants was not yet complete. (Trials in which the stimulus was
not correctly identified were rare and were omitted from analyses.)
Between trials, the subject rinsed with deionized water and his/her
tongue was blotted dry with a gauze pad. A similar procedure was
used to measure PT, which was defined as the time from stimulus
contact to disappearance of taste.

Procedure
Gustatory evaluations were conducted on the initial test day and

24 h, 7 days, 28 days, and 29 days later. All subjects participated
in sessions held on Days 1(1),7, and 28, whereas only 12 individuals
completed the five-session regimen.

The testing sequence within a session was as follows: RT, PT,
aqueous sucrose threshold, food-system thresholds (alternated), per
ceived intensity and preference for aqueous sucrose, perceived in
tensity and preference for food systems (alternated). The entire test
ing procedure required approximately I h to administer.

RESULTS

Repeated measures analyses of variance (ANOVAs) fol
lowed by post hoc Tukey HSD tests were conducted to
ascertain the reliability of group responses on each test
procedure. The stabilityof individualresponses was evalu
ated by computing Pearson correlation coefficients be
tween responses to a particular procedure at different time
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points. Response variance was tested using a t test for
matched variances. Statistical tests were two-tailed, and
a= .01 was selected because multiple tests were con
ducted. Analyses were facilitated by the use of the
SPSS/PC+ statistical package (Norusis, 1986).

Initial analyses investigated whether there were signifi
cant group or individual differences between right and left
sides of the tongue for RT and PT. Matched-pairs t tests
revealed no significantdifferences, so all subsequent anal
yses were conductedon the mean response (n=4) for each
measure. Analyses involving power function exponents
and subjective ranges derived from the suprathreshold
taste intensity measure revealed no advantage of one
method of data presentation over the other. Since expo
nents are more frequently cited in the literature, they are
reported here. The impacts of time, testing experience,
and stimulus medium on individual and group responses
were examined for each sensory measure.

Reliability of Group Mean Values
Mean values for each gustatory measure are presented

in Table I. A repeated measures ANOVA includingeither
the responses from all five test sessions or only those from
the initial (I), 7-day, and 28-day sessions (in which all
25 subjects participated) revealed no significant group
differences over time on any taste attribute. However, the
variance associated with each measure was large, with
the standard deviation often averaging 50% to 100% of
the mean value. This high level of variance could have
masked small shifts in test-retest values. With the excep
tion of aqueous sucrose thresholds (p < .(01), no sig
nificant difference in response variance was observed over
time.

In an attempt to separate the influences of time and
repeat testing, test sessions were conducted 24 h apart at
both the beginning and end of the study period. The time
interval between the last two evaluations was then equal
to that between the first two, but subjects had participated
in three identical test sessions prior to the latter assess-

Table I
Mean Sensory Response ValDes Obtained at Five Time Points Over 29 Days

Testing Session

Initial 24 Hours 7 Days 28 Days 29 Days

Measure M SD M SD M SD M SD M SD

Threshold (M)
.722Aq. Sucrose -1.958 .514 -1.855 .541 -2.067 .546 -1.893 .363 -2.137

Fruit Bev. .044 .044 .055 .060 .051 .059 .054 .050 .064 .054

Choc. Bev. .033 .050 .025 .033 .024 .028 .034 .044 .042 .058

Intensity Exponent
.973 .393 1.036 .328Aq. Sucrose .964 .294 1.045 .286 .954 .293

Fruit Bev. .817 .405 .833 .407 .932 .439 .877 .241 .984 .435
Choc. Bev. .649 .196 .618 .209 .585 .235 .611 .285 .659 .258

Preference
Aq. Sucrose .234 .180 .233 .147 .235 .155 .285 .202 .277 .254

Fruit Bev. .425 .169 .338 .192 .440 .183 .424 .185 .428 .206
Choc. Bev. .480 .208 .379 .181 .460 .222 .448 .241 .433 .283

Reaction Time (sec) 1.752 3.065 1.064 1.810 1.673 2.420 1.378 2.145 1.506 2.978
Persistence Time (sec) 13.739 13.106 15.950 14.258 3.079 10.954 11.578 9.490 11.688 8.414
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ments. No significant difference between the mean of the
first two responses and that of the last two responses was
observed for any taste measure, indicating the absence
of a training effect. The mean and variance of responses
to the food systems differed from those of the responses
to the aqueous solution, but the reliability of group
responses was comparable for the three stimuli tested.

Reliability of Individual Values
The consistency of individual performance was assessed

by computing correlation coefficients between the same
measures at different times. Table 2 gives Pearson corre
lation coefficients for the five measures for paired ses
sions I and 24 h, 7 days, 28 days, and 29 days, and for
paired sessions 28 and 29 days. Because the responses
24 h and 29 days after the initial assessmentwere obtained
to assess training effects and included ratings from only
12 subjects, individualresponse stabilityis based primarily
upon data collected on Days I, 7, and 28. A small change
in ordinal ranking of only a few subjects in a sample of
12 can lead to very low correlation values (e.g., see 1-29
comparison for exponents and PT).

Thresholds. Individual aqueous sucrose thresholds re
mained moderately stable throughout the 28-day test
period, as evidenced by significant correlations between
responses on Day I and Day 7 (r=. 76) and on Day I and
Day 28 (r= .57). However, individual thresholds for the
two beverages did not exhibit such stability (rs=.28 for
the fruit beverage and .27 for the chocolate beverage).

Exponents. Power function exponents for sweetness
showed moderate stability only for the fruit beverage
(rs=.73 and .79 for comparisons between Days I and 7
and between Day I and Day 28, respectively). Exponents
for the aqueous sucrose and chocolate beverages were not
significantly correlated (rs= .33 for the fruit beverage and
.28 for the chocolate beverage).

Preference. Preferred sucrose concentrations showed
strong test-retest reliability. All correlation coefficients
between responses on Days I and 7 and between responses

on Days I and 28 for the sucrose, fruit beverage, and
chocolate beverage were greater than .72.

Reaction time and persistence time. Correlation
coefficients between Days I and 7 and between Days I
and 28, respectively, were .95 and .95 for RT and .64
and .57 for PT; all values are reliable. A marked reduc
tion in r occurred for Days I and 29; this reduction was
attributable to deviant responses from 2 of the 12 sub
jects tested on Day 29.

An effect of testing experience was apparent with
preference responses to all tested stimuli, as well as the
RT and PT measures. The median increase in r values
between Days 28 and 29 and between sessions I and 24 h
across these measures was .17 (range = .08-.62). Corre
lations between exponents obtained with the chocolate
beverage also increased; however, in light of the uni
formly low correlations observed at all other times with
this stimulus, and the absence of such an effect for expo
nents derived from responses to the other stimuli, this in
crease is viewed as a misleading chance event.

The individual reliability of threshold responses for the
two food systems (for Days 7 and 28, respectively,
rs=.38 and.13 for fruit, rs=.26 and .27 for chocolate)
was clearly lower than that for responses to the aqueous
solution (rs = .76 and .57); however, a different test proce
dure was used to obtain the latter data. The reliability of
power function exponents was high for the fruit bever
age (rs = .64 and.72 at Days 7 and 28) and lower for the
other stimuli (rs =.41 and .23 for aqueous sucrose,
rs= .30 and .28 for chocolate, at Days 7 and 28, respec
tively). Preferred-concentration ratings were similar for
aqueous and food stimuli (at Days 7 and 28, rs= .82 and
.81 for the aqueous solutions, vs..73 and .79 for the fruit
beverage and .88 and .75 for the chocolate beverage).

The correlations between repeat testing responses pro
vide insight into the stability of individual rankings on a
measure; however, they do not indicate the extent to which
responses drift from initial values. To examine this
phenomenon, the percentage of subjects displaying shifts

Table 2
Pearson Correlation Coefficients Between Repeat Testing Responses

Paired Sessions

1-24 Hours 1-7 Days 1-28 Days 1-29 Days 28-29 Days
Measure (n= 12) (n=25) (n=25) (n= 12) (n=12)

Threshold
Aq. Sucrose .86* .76* .57* .64 .72
Fruit Bey. .59 .38 .13 049 .59
Choc. Bey. .63 .26 .27 .80* .59

Intensity Exponent
Aq. Sucrose .66 Al .23 .27 .57
Fruit Bey. .54 .64* .72* .10 .10
Choc. Bey. .29 .30 .28 .09 .76*

Mean Preference
Aq. Sucrose .57 .82* .81* .72 .98*
Fruit Bey. .88* .73* .79* .79* .96*
Choc. Bey. .86* .88* .75* .89* .91*

Reaction Time .37 .95* .95* .35 .99*
Persistence Time .72* .64* .57* .28 .89*

Note-I = initial. *p < .01.
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Table 3 of varying magnitude was determined (Table 3). Because
Percent of Subjects With Gustatory Response Discrepancies concentrations of stimuli used for each measure differed,

Relative to Initial Test Values and thus influenced, to varying degrees, the magnitude
Threshold Steps of any noted drift, direct comparisons between procedures

Time 0 2 3 4 5 6+ were not appropriate. Instead, evaluations were based on
Aqueous Sucrose Threshold the number of dilution step changes for threshold values,

24 hours 54 27 9 9 0 0 0 and on percent deviations between initial values and those
7 days 28 48 16 8 0 0 0 7 days and 28 days later for the other responses.

28 days 40 28 12 16 4 0 0
29 days 45 36 9 9 0 0 0 Seven days after the initial testing session, 76 % of the

Fruit Beverage Threshold subjects still had not deviated by more than one concen-

24 hours 42 8 17 8 8 0 17 tration step in their thresholds for aqueous sucrose stimuli;
7 days 28 16 12 32 0 4 8 28 days after the initial session, the figure was 68 %.

28 days 16 20 12 28 8 4 12 Thresholds for the food systems were less stable: For the
29 days 27 18 9 27 0 9 9 fruit beverage, 44 % and 36 % of subjects were still within

Chocolate Beverage Threshold one dilution step 7 days and 28 days later, respectively;
24 hours 42 33 0 0 17 8 0 the values for the chocolate beverage were 44 % and 48 %.

7 days 32 12 28 12 12 0 4
28 days 36 12 12 28 4 4 4 Perceived intensity ratings were characterized by a high
29 days 27 18 9 36 9 0 0 level of drift. No more than 25 % of subjects produced

power function exponents within 10% of their initial value
Percent Change after a 7- or 28-day interval. Averaged across the stimuli

0-5 6-10 11-20 21-30 31-40 41-50 51+ (since the nature of the stimulus did not influence this
Sucrose Intensity response measure), 69 % of subjects had deviations of 30 %

24 hours 8 0 25 25 25 8 8 or more at the 28-day assessment.
7 days 8 12 32 20 12 0 16 No shift over time was noted for preferred sucrose

28 days 4 12 16 8 20 12 28 levels in the aqueous solution (40 % of the subjects
29 days 0 27 9 18 18 0 27

deviated by 30 % or more after 7 days, and 48 % after 28
Fruit Beverage Intensity days), but such a trend was apparent for the chocolate

24 hours 8 17 17 8 17 0 33
7 days 8 12 20 16 0 8 36 beverage. For no stimulus were responses highly reliable:

28 days 12 12 8 16 16 8 29 on average, only 36% of the subjects provided values at
29 days 0 18 9 9 18 18 27 subsequent test periods that were within 10% of initial

Chocolate Beverage Intensity ratings.
24 hours 25 17 0 33 8 17 0 RT and PT measures deviated markedly from initial
7 days 4 20 20 4 24 12 16 results at all subsequent times. In the case of RT, 92%

28 days 0 12 16 20 8 12 32
of the subjects deviated by 30% or more after 7 days, and29 days 27 9 18 9 9 0 27

Mean Sucrose Preference
88 % after 28 days); the figures for PT were 28 % and
80%.

24 hours 8 17 25 8 25 0 17
To determine whether any subset of subjects consis-7 days 24 16 20 8 0 12 20

28 days 28 12 12 12 8 4 24 tently provided more or less reliable responses, the num-
29 days 27 0 18 27 18 9 0 ber oftimes each subject's responses on a given sensory

Mean Fruit Beverage Preference measure deviated from initial values by more than ar-
24 hours 18 27 36 18 0 0 0 bitrary preset bounds (> 100% of I for thresholds, > 50 %
7 days 21 12 12 21 12 4 17 of I for other measures) was determined. A plot of the

28 days 21 8 21 12 25 4 8
incidence of discrepancies from I on all sensory meas-29 days 36 0 36 0 18 9 0

Mean Chocolate Beverage Preference
ures versus number of subjects revealed a normal distri-

24 hours 36 27 9 0 27 0 0 bution. Thus, there was no identifiable subgroup that was
7 days 38 8 25 21 4 0 4 consistently reliable or unreliable on these sensory

28 days 12 12 25 21 21 0 8 measures.
29 days 54 0 36 0 0 0 9

Sucrose Reaction Time DISCUSSION
24 hours 18 9 0 0 18 27 27
7 days 0 4 4 8 4 13 67 The present study provides insight into the test-retest28 days 4 4 4 4 17 17 50

29 days 20 10 0 0 0 30 40 reliability of five measures of gustatory function, using
Sucrose Persistence Time a model aqueous sucrose solution and two sweetened com-

24 hours 0 0 8 8 8 17 58 plex beverages. Data were evaluated on the levels ofgroup
7 days 0 0 0 16 4 0 8 means and individual responses. Before considering these

28 days 12 0 8 0 0 12 68 findings further, it should be noted that the absolute values
29 days 0 9 18 0 0 9 64

of the present data are consistent with those obtained by
Note-Discrepancies for threshold levels correspond to concentration steps
(half dilutions), whereas other deviations are presented as the percentage other investigators. Aqueous sucrose threshold values and
change from baseline. power function exponents fall in the midrange of published
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compilations of such values (American Society for Test
ing and Materials, 1978; Meiselman, 1972). Preferred su
crose levels in water vary widely across studies (e.g., De
sor, Greene, & Maller, 1975; Moskowitz, 1971), but the
distribution of the present values coincides closely with
work by Desor et al. (1975) on a substantially larger popu
lation of adults (n= 140). The present RT values were con
sistent with those of Hara (1955), whose procedure was
most comparable to that of the present study. An appropri
ate reference for PT responses was not identified. Suita
ble comparative values for sensory responses to the food
systems were found only for the suprathreshold and
preference ratings for the fruit beverage. The present ex
ponent value is somewhat lower than that found by
Moskowitz (1972) (approximately .9 vs. 1.2), due possi
bly to methodological discrepancies (e.g., different types
of sweetened foods were being rated simultaneously in
each study), but the preferred sucrose level in a compara
ble beverage base was nearly identical (about .43M).

A summary of the group and individual test-retest
reliabilities of each sensory measure is presented in Ta
ble 4. All group means were considered reliable over the
29-day study period, as no significantdifferences in means
or variance (except for aqueous sucrose thresholds) were
observed. However, the variability was large for each
measure and may have masked shifts in test-retest values.
This high level of variability with gustatory data, partic
ularly taste preferences, has been reported previously
(Giovanni & Pangborn, 1983; Mattes, Kumanyika, &
Halpern, 1983; Peryam, 1963). Indeed, the failure to note
relationships between gustatory measures and variables
of interest (e.g., sodium intake and salt preference) has
been ascribed to this characteristically high level of varia-

Table 4
Summary of Group and Individual

Reliability Findings

Group Individual Individual
Measure Reliability Ordinal Ranking Response Stability

Threshold
Aq. Sucrose
Fruit Bev.
Choc. Bev.

Intensity
Aq. Sucrose
Fruit Bev.
Choc. Bev.

Mean Preference
Aq. Sucrose good good moderate
Fruit Bev. good good moderate
Choc. Bev. good good poor

Reaction Time good good poor
Persistence Time good moderate poor

Note-For group reliability, good = no statistically significant differ
ence in test-retest values; for individualordinal ranking, good = r > .5,
moderate = .3<r<.5, poor = r<.3 on Day 28; for individual response
stability, good = >67%, moderate = between50% and 67%, and poor
= < 50% of subjects remaining within 2 dilution steps for thresholds
or 20% of initial responses for all other measures on Day 28.

bility (e.g., Giovanni & Pangborn, 1983). This is an im
portant factor to consider when determining the adequate
sample size for a study.

The interpretation of group data must be made cau
tiously, as the present findings indicate that mean values
may not faithfully reflect individual performance on
selected measures. Individual response reliability varied
with test method. For example, threshold levels for aque
ous sucrose solutions were moderately to highly reliable.
Individuals generally retained their relative ranking in the
study sample over the 28-day study period, and absolute
threshold values did not change by more than one dilu
tion step for 68 % of the subjects. In contrast, individual
power function exponents for these samples were highly
variable. Individual rankings were not preserved over time
and absolute values of exponents changed from initial
levels by more than 30 % in approximately 69 % of the
subjects. Preferred concentration responses were charac
terized by yet another pattern. Subject rankings remained
stable over time, but preferred concentration levels drifted
by more than 30% from initially preferred levels in ap
proximately 50% of the subjects. Thus, the interpretation
of data derived from these different measures will vary
with the level of their application (individual vs. group).

The observation oflow intraindividual reliability is con
sistent with work in other sensory modalities (e.g., vi
sion, audition; Teghtsoonian & Teghtsoonian, 1983).
Whether low intraindividual reliability is a general charac
teristic of human sensory function or reflects inadequa
cies in the control of important cognitive and methodo
logical parameters is not known. Preliminary work in
other modalities suggests that nonsensory influences may
playa major role (Teghtsoonian & Teghtsoonian, 1983),
but this issue has not been addressed in studies of taste.
Should the sensory capacities of an individual prove to
be relatively stable over time and the high level of vari
ance be attributable to methodological shortcomings
and/or cognitive influences, characterization of the sen
sory world of an individual may be feasible with only a
limited number of sensory responses. Of course,
knowledge of the important procedural variables to con
trol in an assessment of sensory function does not ensure
that adequate control is possible. For example, the level
of an individual's state of hunger may influence gusta
tory responses, but quantitative control over such sensa
tions is not currently attainable. Alternatively, if sensory
function is found to vary over time, this would not negate
the value of sensory evaluations. Marked abnormalities
occurring in clinical populations should still be apparent,
and where more subtle changes are expected, it may be
necessary only to collect multiple estimates and derive
some measure of central tendency, as is currently done
for other physiological measures, such as blood pressure.

One procedural variable assessed in this study was the
nature of the test stimulus. Estimates of group reliability
were not found to differ markedly between simple and



more complex stimuli. However, the measure used to as
sess recognition thresholds in foods differed from that used
for aqueous solutions, confounding the interpretation of
individual reliability differences noted for recognition
threshold. Data suggestive of a stimulus-type effect were
obtained with other measures on the individual response
level. Subject rankings based on power function exponents
were more stable for the slightly complex fruit-flavored
beverage than for the simple aqueous solution or the more
complex chocolate beverage. Absolute values of preferred
concentration responses were more reliable for the aque
ous solution and fruit beverage than for the chocolate
beverage. These observations indicate that interpretation
of stimulus-type effects on a simple aqueous-versus-food
dichotomy may not be appropriate. Although the aque
ous solution yielded different patterns of group and in
dividual reliability estimates across measures, the two
beverages also differed. Relationships between a varia
ble of interest and taste measures in studies using aque
ous solutions and one or more food systems have differed
(Beauchamp, Bertino, & Moran, 1982; Tuorila-Ollikainen
& Mahlarnaki-Kultanen, 1985; Witherly, Pangborn, &
Stem, 1980; Yamaguchi & Takahashi, 1984), and the
present findings suggest that this may be attributable, in
part, to differences in the reliability of the test systems.
Unless and until a general pattern of response reliability
to stimuli sharing certain properties can be identified,
selection of food systems should be based not only on such
concerns as ecological validity and testing expediency,
but also on an empirical determination of reliability.

A second methodological issue is the effect of repeat
testing on sensory responses. Group values were not sig
nificantly influenced by this factor; however, increased
experience with the test procedures did enhance the sta
bility of individual ordinal rankings on selected measures.
Correlations between preference, RT, and PT measures
obtained on Days 28 and 29 versus Days 1 and 2 were
higher for the last 2 study days, despite the passage of
equal time intervals. Although it cannot be stated with cer
tainty that this higher correlation is attributable to previ
ous test exposure, it is consistent with this view and with
evidence from other studies (e.g., Birch & Marlin, 1982;
Harrison, 1977; Trant & Pangborn, 1983).

Finally, it is important to note that it may not be ap
propriate to extrapolate the present findings with sucrose
sweetened tastants to other taste qualities or even to other
sweet compounds. As different elements of the gustatory
system may be involved in the processing of other types
of stimuli, responses from these compounds may be
characterized by different levels of reliability. Studies of
gustatory function should, as a matter of course, include
data not only on the reliability of laboratory instruments
but also on the reliability of the psychophysical measures.
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